Objective -To determine the risk factors associated with fracture of the distal forearm, and to evaluate the influence of falls on these risks. Design -This was a case-control study. Setting -Manchester, UK. Participants -The cases were 62 white women aged 45-82 years who had sustained a fracture of the distal forearm and had attended local hospitals. Two control groups were studied -50 women who had fallen onto the hand but had not sustained a fracture (recruited from the same source as those with fracture) and 116 women randomly selected from primary care age and sex registers in the catchment area of the hospitals. Both cases and controls were sent a letter inviting them to take part in the study. Data were collected by questionnaire completed by an interviewer. Main results -Compared with the population control group, those with fracture were more likely to walk at a brisk pace (odds ratio (OR) = 3 5; 95% confidence interval (CI) 1P3, 9.6) though they had undertaken less physical activity at home or work on a daily basis throughout life (OR= 0.4; 95% CI 0-2, 0.9). The risk associated with brisk walking was less marked when the cases were compared with fall controls. Other lifestyle factors including calcium intake, smoking, and alcohol consumption were not associated with fracture. Analysis of gynaecological and hormonal factors suggested that compared with population controls, those with fracture of the distal forearm had had fewer fertile years (OR = 0'4; 95% CI 0-1, 0.9) and were less likely to have used oral contraceptives (OR= 0 3; 95% CI 0-1, 0.9). Regular physical activity and high calcium intake, measures that may preserve bone mass, offer the main immediate population based strategy for hip fracture, the most important consequence of osteoporosis.2A Their potential role in preventing distal forearm fracture, however, is not well established. Distal forearm fracture occurs at a younger age than hip fracture and in most cases results from a fall onto the outstretched hand.' Such falls are thought to occur as a result of increased forward momentum such as during periods of rapid walking.6 Thus the overall effect of physical activity might be to increase the risk of fracture by increasing the susceptibility to falls onto the hand, possibly countering the risk reduction achieved by exercise in preserving bone mass. There is conflicting evidence from published reports. Kelsey,7 in a large prospective study, found an increased risk of fracture due to frequent walking, while Mallmin,8 in a case-control study, found no evidence of an influence of daily physical activity, other than that moderate levels of activity in females were protective. Hence there is no current, clear, scientific basis for recommending physical activity as a preventive measure for distal forearm fracture and some concern that measures which have been proposed as part of a population strategy against hip fracture4 might, paradoxically, increase the risk of distal forearm fracture.
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Epidemiological Age at menopause was taken as the date of the last period, though women with a hysterectomy or hysterectomy and unilateral oophorectomy coincident with their last period were excluded. The number of fertile years was calculated by subtracting the age at menarche from the age at menopause. A small proportion of women had not yet reached menopause (2 cases, 3 fall controls, and 15 population controls) and these were excluded from the analysis of fertile years. For the main analysis, age at menopause, menarche, and number of fertile years were categorised into tertiles.
The level of physical activity undertaken at work and at home was analysed by deriving an overall lifetime activity score, obtained by summing the values from the individual age periods (for each age period, 1 = light, 2 = moderate, 3= heavy, 4= very heavy (range [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ). Body mass index (kg/m2) was calculated.
The X2 test for trend was used to explore for trends in the ordinal multi category variables. Logistic regression was used to determine the independent effects of the putative risk factors after controlling for age (as a continuous variable), with the outcome (fracture/control) as the dependent variable. Parameters were estimated by the maximum likelihood method. Adjusted odds ratios and their 95% confidence intervals (95% CI) for fracture were calculated from the logistic coefficients and their standard errors. The odds ratio (OR) is a measure of the degree of association between an exposure and an outcome variable: an OR greater than 1 implies an increased likelihood of fracture as a result of a particular exposure variable, and OR less than 1 indicates that a variable is protective. The magnitude of the OR gives an indication of the strength of the association. An OR of 2 indicates a twofold increase in risk, an OR 0-5 indicates a twofold reduction in risk. The 95% CI represents the range ofvalues within which the true OR would be expected to lie with 95% probability; if the range embraces unity the results may have arisen because of chance. A multivariate model was used to determine the relative contribution of components of physical activity and general health, to the risk of fracture. Analyses were performed using SPSSIPC and STATA. '7 Results SUBJECTS There were 62 women with fracture ofthe distal forearm (mean (SD) age 62-9 (8-8) years), 116 population controls (mean age 61-1 (8'7) years), and 50 fall controls (mean age 60-8 (7 7) years). Both fracture cases and fall controls were recruited consecutively. The response rate for participation in the population control group was 41%. Table 1 presents the age adjusted odds ratio (OR) and 95% CI for the relationship between gynaecological/hormonal variables and distal forearm fracture for both control groups.
An increased number of fertile years (>38 years v <32 years) was associated with a decreased risk of fracture for both population (OR=0-4; 95% CI 0-1, 0 9) and fall control groups (OR= 0 3; 95% CI 0 1, 0 9). Compared with the population controls, those with distal forearm fracture were less likely to have used the oral contraceptive pill (OR=0-3; 95% CI 0 1, 0-9).
An increased age at menopause (.52 years v <47 years) was associated with a threefold reduction in the risk of fracture for the fall controls. For both population and fall control groups an increased age at menarche (2 15 years v < 12 years) was associated with a twofold increased risk of fracture, however the confidence intervals around these estimates included 1. There was no association between the use of hormone replacement therapy, pregnancy, or breast feeding and distal forearm fracture in either of the control groups.
Compared with the population controls, those with fracture were twice as likely to have been confined to bed for a period of 30 or more days (OR=2-3; 95% CI 1-0, 5.7). However, none of the other lifestyle or personal history variables, including diabetes, steroid use, smoking, alcohol consumption, and dietary calcium intake, or any of the anthropometric variables, including body mass index, were significantly associated with fracture in either control group. Tables 2 and 3 show the age adjusted ORs for the relationship between fracture, physical activity, and general health. Compared with the population controls, there was an increased risk of fracture associated with a brisk walking speed (OR= 3-3; 95% CI 1 4, 7 9) and walking more than one hour per day (OR= 2-2; 95% CI 1-0, 5-1). In addition, those with a lifetime activity score of 7 or more had a reduced risk of fracture compared with those with score of 4 or less (OR= 0-4; 95% CI 0-2, 1 0). Compared with the fall controls, there was a twofold increase in risk of fracture associated with brisk walking, but the confidence interval around this estimate included unity. To determine the independent effect of the physical activity variables in determining fracture risk, a multivariate model was used. Adjusting for body mass index, general health, and the other physical activity variables did not alter the magnitude of the ORs associated with these variables. For the population controls, however, the confidence interval around walking >1 hour per day no longer excluded unity.
Poor general health was protective for fracture for both control groups in the univariate analysis, but the protective effect disappeared after adjusting .for other physical activity variables and body mass index, suggesting confounding by these variables.
Discussion
In this case-control study some forms of activity, including brisk walking and increased time spent walking daily, were associated with an increased risk of distal forearm fracture. Variables relating to increased oestrogen exposure, including increased number of fertile years and use of the oral contraceptive pill, were protective. Lifestyle variables such as smoking and alcohlol consumption appeared unimportant.
The reason for using two control groups was to explore the influence of falls on the risk factors for distal forearm fracture. The population group allowed us to determine the risk factors for fracture; the fall group whether these risk factors were independent of the risk of falling. There are, however, some methodological issues to be addressed. Only a few falls come to medical attention and selection factors may have influenced those who attended hospital after a fall, resulting in possible bias. The advantages of using this source of control group, however, were that the area of residence was broadly similar to that of the fracture cases and the alternative source, sampling from the population base, would have required a very much larger and costly screening survey. Selection is unlikely to have been a major factor in the other study groups; most individuals in the UK are registered with a general practitioner'and virtually all cases of distal forearm fracture are treated at hospital.
In contrast to other studies8 we did not exclude those with a history of previous fracture. The inclusion of such individuals would tend, if anything, to make the groups more similar with regard to individual risk factor profiles and therefore bias the results towards the null and away from finding significant associations.
Both fracture and fall cases were recruited consecutively from local hospitals while the population controls were recruited from general practice registers. It is possible that those who participated in the study had differing lifestyle characteristics, including physical activity, from those who were invited but who did not participate. This would result in response bias if the distribution of such characteristics differed among the three study groups, independently of the risk of fracture. The distribution of the common lifestyle factors, diet, smoking, and alcohol consumption was similar, however, in the responders for both control groups providing some evidence against serious response bias. Nevertheless some caution is required in interpreting the results.
In this study the response rate was low (41%). This may be partly due to the fact that only one reminder letter was sent. In health surveys undertaken by our group, at least two reminders are sent out, and the level ofresponse tends to increase with the number ofreminders. However, in this study it was felt inappropriate to contact individuals with a recent fracture on more than one occasion, and to ensure comparability a similar approach was used for the two control groups. Given that any factors which may affect the level of response are likely to be similar for the three study groups it seems unlikely that the response level would have an important effect on the results of the comparisons between these groups.
The sample size of the study was relatively small and had therefore limited power to detect significant associations between variables. A larger sample would have resulted in a narrowing of the confidence intervals around the observed odds ratios.
The study was conducted prospectively and in most cases within eight weeks of the fracture or fall event, reducing the likelihood of any true subject change in exposure characteristics.
It is possible that risk factors for distal forearm fracture vary with age; reflecting, for example, the differing influences of peak bone mass and subsequent rate of bone loss on the risk of fracture. The numbers of subjects studied here were, however, too small to permit detailed analysis ofrisk factors within individual age strata and further studies would be required to address this.
Osteoporosis Mallmin8 found little effect of daily physical or leisure activity (apart from moderate daily activity which was protective). Kelsey,7 in a prospective study in a slightly older population, showed, however, that frequent walking was associated with an increase risk of fracture. In our study, compared with population controls, increased current levels of walking, including speed and amount, were associated with fracture. The risk associated with these variables decreased after controlling (in the design) for falls to the hand, indicating that the link with fracture is partly due to an increased risk of falls onto the hand.
In contrast to walking, heavy or very heavy levels of physical activity undertaken at home or work throughout adult life were protective. A similar finding was observed by Kelsey (who looked at frequency rather than intensity).7 This is probably mediated by an increase in bone strength, though in our study the effect was less marked in the fall controls suggesting that increased lifetime physical activity may protect against fracture by reducing the risk of falls onto the hand.
Our data are consistent with published studies789"-1 that show a protective effect of variables related to oestrogen excess. In our study an increased number of fertile years was the strongest factor. Studies looking at the effect of the oral contraceptive pill on skeletal health have produced discrepant findings. Some report a beneficial effect on radial bone mass,1415 others no effect on bone mass or fracture risk.'2 13 Our data indicate a beneficial effect on fracture risk, though the amount of oestrogen which was used in oral contraceptive pills during the time when the women in our study were likely to have been taking them was higher than doses currently in use and the extent to which our results are generalisable to the present day is uncertain.
We conclude that some forms of activity, including increased speed and amount of walking, are associated with an increased risk of distal forearm fracture, though this seems in part due to an increased risk of falls to the hand. Exercise is regarded as an important component of preventive strategies targeted at hip fracture,4 the most important consequence of osteoporosis. Our data highlight the need for caution when advising middle aged and elderly subjects about exercise, and particularly walking. Such advice should be combined with practical information about the prevention of falls. Lifestyle interventions seem unlikely to play an important role in prevention of distal forearm fracture.
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